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RESEARCH MEMORANDUM

FREE -FALL. MEASUREMENTS AT TRANSONIC VELOCITIES OF THE DRAG OF A
WING-BODY CONFIGURATION CONSISTING.OF A ’-l-50 SWEPT~BACK WING
MOUNTED FORWARD OF THE MAXIMUM DIAMETER ON A~
BODY OF FINENESS RATIO 12

By Charles W Mathews end Jim Rogers Thompscn
SUMMARY

The National Advisory Committese for Aeronaublcs is measuring
drag of a serles of complete airplane-like configurations and thelir
various componsnts at transonic velocities by the free-fall method.
This report covers a test of ome configuration of this series.

The configuretion was composed of a 45 swept-back wing of aspect
ratio k.1 mounted forward of the maximum diameter of & 10-inch-
dlameter body of fineness ratio 12 equipped with stabilizing

tall fins. The wing had & T0-inch span and incorporated an

NACA 65-009 airfoil section of 12-inch chord perpendicular to the
leading edge. The body-tail fin combination was externally identicel
with & combination tested previously by this msthod.

The results are presented as curves showing the variation of
drag coefficient with Mach number for the complete comfiguration
and for each component. These results show that the drag per unit
frontal area of the complete configuration rose abruptly from 0.06
of atmospheric pressure at a Mach number of 0.89 to 0.167 of
atmospheric pressure at & Mach number of 1.02 and then increased
at a slower rate to 0.233 at a Mach number of 1.19. At Mach nunmbers
in excess of unity the wing and body shared about equal portions of
the total drag (about 42 percent sach). The remainder of the total
drag (16 percent) was contributed by the stabilizing tail surfeces.
Sllightly below the welocity of sound the wing dres rose ebruptly and
at a Mach numbsr of 1 was double the value estimated from preovious
tests of comparable U5° swept-back airfoils mounted on cylindrical
bodies, as no abrupt increase in dreg occurred for these previously
topted airfoils. After the abrupt rise the wing drag gradually
approached values estimated from the previous tesgts. The body drags
measured in this test were higher then those msesured In previous
tests of an identical body without wings by about 15 percent at a
Mach number of 1,05 and 8 percent at 1.15. '
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INTRODUCTION -

A series of tests 1s being conducted at the Langley Memorial
Aeronauticael Laboratory of the NACA in which drag measurements arse
mede in the trensonic velocity range on test shaped by the Iree-
fall method. The obJect of these tests 1s to determins bodles,
airfoils, and wing-body cambinations which have & minimm of drag
at transonic velocities. Results of previous tests of bodiss and
airfolls by this method (references 1 to 3) have indicated that
appreclable reductions in drag at transonic velocities could be
obhtained by increasing the fineness ratio of bodies of revolutlon
end by using swept-back wings. Howsver, as large interference
effeocts may occur when wings and bodies having low drag at transonic
velocitles are oombined to form sirplane-like configurations, testis
of such configurations are necessary for a final evaluation of the
effects of sweepback, fineness ra.tio, a.nd. other veriations .of
alrplane geometyry.

The present paper reports the results of & test on one of a
series of wing-body configurations. This series consists of a
family of wings mounted on bodiss of Tineness ratio 12 identical .
with the bodles whose tests were reportéd in roference 2. For
this test & 45° swept-back wing of constant chord was mounted at
8 position forward of the meximym diameter of the body. The
results are presented as curves showing the variation of drag
coefficient with Maoch number for the complete conflguration and
each of its component parts. The drag cosfficient for the body
and wing are compared with results previously obtained by the .
fres~fall method for an identical body without wings end for com-
parable stiraight and swept-back airfoils tested on cylindrical
bodies.

APPARATUS AND METHOD

Test configuration.- The genexal arrangement of the configura.-_
tion 18 shown in figure 1 and detalls and dimensions are given in
figure 2. The 45° swept-back wing hed & 70-inch gpan and incor-
porated- an NACA 65-009 airfoll section of 12-inch chord per-
pendicular to the leading edge. The nominal asnect ratio of this |
wing (based on the wing aiea in¢luding that within the body) was 4.1.
The wing was mounted on & 10-inch-diameter body of fineness ratio l2
oxternally’ identical with the bodiss whose tests wore reported in
reference 2. - The wing entered the body through rectangular glots,
and wags attached to a force measuring balence in the body. A wood.en
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SUMMARY

The National Advisory Committee for Aeronautics is measuring
drag of a series of complete airplans-like configurations and thsir
various components at transonlc velocities by the free-fall method.
This report covers & test of one configura.tion of this series.

The configuration was composed of a 45 swept-back wing of aspect
ratio k.1 mounted forward of the meximum dismeter of & 1O-inch-
diameter body of finensss ratio 12 sequipped with stabilizing

tail fins. The wing had & TO-inch span and incorporated an

NACA 65-009 airfoil section of 12-inch chord perpendicular to the
leading edge. The body-tail fin combination was externally identicsl
with & combination tested previously by this method.

The results are presented as curves showing the variation of
drag coefficient with Mach number for the complete configuration
and for each componsnt. These results show that the drag per unit
frontal area of the complete configiration rose abruptly from 0.06
of atmospheric pressure at a Mach number of 0.89 to 0.167 of
atmospheric pressure at a Mach number of 1.02 and then increased
at a slower rate to 0.233 at a Mach number of 1.19. At Mach numbers
in excess of unity the wing and body shared about egual portions of
the total drag (about 42 percent each). The remainder of the total
drag (16 percent) was contributed by the stabilizing tall surfaces.
Slightly below the velocity of sound the wing drag rose ebruptly and
at a Mach number of 1 was double the valus estimated from presvious
tegts of comparable 45° swepts~back airfoils mounted on cylindrical
bodies, as no abrupt increase in drag occuxred for these previously
tested alrfoils. After the abrupt rise the wing drag gredually
approached values estimated from the previous tests. The body drags
measured In this test were higher than those measured in previous
tests of an identical body without wings Dy about 15 percent at a
Mech number of 1.05 and 8 percent at 1.15.




INTRODUCTION

A series of tests is being conducted at the Langley Memorial
Aeronautical Laboretory of the NACA in which drag measuroments are
mede in the tremsonic velocity range on test shapes by the free-
fall method. The object of thesge tests is to determine bodles,
airfoils, and wing-body combinations which have & minimum of drag
at transonic velocitisa. Results of previous tests of bodies and
airfoils by this mothod (references 1 to 3) have indicated that
appreclable reductions in drag at transonie velocitisa could be
obtained by incrsasing the finensss ratio of bodies of revolution
and by using swept-back wings. However, as largs interference
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effects may occur when wings and bodies having low drag at transonic
velocities are combined to form airplene-like conflguratlions, testis

of such configurations are necessary for a final evaluation of the
effects of sweepback, flneness ra.tio, end other variations of
airplane geomstry. _ S .

The present paper reports the results of a test on one _of a
gorles of wing-body configurations. This series consiste of a
family of wings mounted on bodies of finensss ratioc 12 identical
with the bodles whoee tests were reported in reference 2. For
this test a 459 swept-back wing of constant chord was mounted at
a position forward of the maximum dlameter of the body. The
results are presented as curves showling the varilation of .dreg
coefficient with Mach number for the complete confliguration and
each of ite component parts. The drag coefficient for the body
and wing are compared with results previously obtained by the
free-fall method for an ldentical body without wings and for com-
parable stralght and ewept—back airfoilg tested on oylind.rioal
bodies.

APPARATUS AND METHOD

Test coﬁﬂation.- The general arrangement of the configura-~

tion is ghown in figure 1 and details and dimensions are gliven in
figure 2. The.45° swept-back wing had g 70-inch spen and incor-
porated an NACA 65-009 airfoil section of 12-inch chord per-
pendicular to the lead.ing edge: The .nominal aspect ratio of this

wing (based on the wing area including that within the body) was 4.1.
The wing was mounted on & lO-inch-diamster body ‘of fineneses ratio 12

extornally ldentical with the bodies whose tests were reported in
reference 2. The wing entersd the body through regctangular slots

and was attached to a force measuring balence in the body. A wooden
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filler block faired to the body contour was attached to.the wing
root,so.that the clearance beiween the sides of the slot end the - °
movable wing asgembly wae about 1/32 inch. The wing was located

on the tody so that the 50-percent-chord station at the wing root
was approximately 15 inches Forward of the body meximum dlameter. .
The tall boom and fin arrangsment were identical with the arrenge-
ment of referefice 2. The tail fins passed through open slots

3/8 inch wide and 6 inches long in the tail boom and wers attached
to a force measuring balance.

Measurements.- Measurement of the desired quantities was
accomplished as in previous tests (references 1 end 3) through use
of the NACA telemetering system and radar and phototheodolite
equipment. The following quantities were recorded at a ground
station by the telemetering system:

(1) The force exerted by the wing on the body as measured
by a spring balence

{2) ‘The force exsrted by the tail fins on 'the tail boom &8s
measured 'by a spring balance

(3) The retard.ation of the configura.tion as measured 'by -}
gensitive accelerometer alined with the longlitudinsl sxis by the

body

(L) The total pressure at an orifice located at the nose of
the body as mpasured by an anercid cell

The flight path of the airplane from which the configuration was
dropped wes recorded up to the release point through use of the
radar and phototheodolite equipment. A survey of atmospheric
conditions at the time of the test was obtained from synchronized
records of static pressure, temperature, and actual altitude during
the descent of the airplane. The direction and velocity of the
horizontal component of the wind in the-altituds ranges of the test
was determined from radsr and phototheodolits records of the ascent
of & free balloon jJust prior to the test.

Reductlon of datsa.- At release, the velocity of the configura-
tion with respect to the ground, hereafter referred to as the
ground velocity, was obtalned by differentiation of the flight path
of the airplans up to the releame point as recorded by the radar
and photothsodollte equipment. The ground velocity of the con-
figuration throughout the free fall was obtainsd by a step-by- step
integration of the vector sums of the gravitational agceleration’
and the directed retardation as measured by the acceleromster.

TR
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Veriation of altitude with tiie throughout the fall was determined. _
by integration of the vertical components of the ground velocity.
True, airepeed was obtained by a vector sumuation of the . grouhd
velocity and. the horizontal wind velocity at appropriate altitud.es.

The total d.ra.g of' the ‘configuration was obta.ined. directly by
mltiplying ‘the retardation &y (in g units) by the welght of the
configuration.  The drag force on the wing D, - was determined '
through use of the relation

Dy = Ry + W8y
where - - . ' L
Rw mea.sured. reaction between bod;f and. wing, pou.nd.s

W, weight of movable wing assembly, pounds ‘
The drag of the teil fins was .obtained from the sems relation by
using the reaction bétween the fins and the tail boom. and the
welght of the movable fin assembly. Body drag was determined 'by
subtracting the wing a.nd ta.il drags from the tota.l S

Values. of' d.ra.g D, static pressure p, a.'bsolu'be temperature T,
and frontel area F were combined with the alrspeed to obtain the
Mech number M end the nondimensional para.meter D/Fp for the com-

plete configuration and sach of its components.  Values ‘of the con-
ventional drag coefficient based on frontel arsa CDF were, obtained

from simultansequs va.lues of . these para.me'bers by use of: the re.'la.‘bion ’ "

L L D/F;p
" ‘,(_: ..'-.'-_:","._‘. ' M27/2 .

vt . oA L - -

where the ratio of specific hea.te ¥ was teken ag 1. )-l- 'In the cage
of the ‘wing and the tail fins, drag coéfficients baséd on plan
aresa CD were obtained by multiplying ODF by the ratio of fron'ba.l

area to plan evea. The areas did not include that submerged, in the
body or:tail boom. . . .o oo T T T
’ -.RESUL‘I‘S AND'DISGUSSION

A time history of 'bhe mportant measured and. computed. gquantities
obtained from this test is given in figure 3. The altitude variation
shown was computed Ffrom the accelerometer d.a,ta. The total vertical
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distance of the fall as obtained from these date agrees with the
release altitude obtained from the radar and phototheodolite
tracking records within 20 feet. Although the estimated accuracy of
the telemetersd accelerations was *0.01 g units, this excellent
agroement indicates that these accelerations end hence the total
drag of the configuration were probably determinsd wlith better
acouracy than estimated. In previous tests the ground velocity
computed from the accelerometer data hes been compared with the
ground veloclty computed from the flight path of the test body ,
throughout the fres fall as determined from radsr and phototheodolits
tracking records. Although these tracking records were not obtained
for the present test, the previous tests have shown good agreement
between the two methods for determining ground. velec¢ity. The two
Mach number variations shown in flgure 3 were determined from two
independent sets of measwrements. The solid curve was compubted

from the airspeed and temperaturs date and is believed to be
accurate within 0.0l in Mach number. The &aghed curve of Mash
number was computed from telemetered records of total pressure

and the static pressure determined from the swrvey of the atmosphere.
The estimated accuracy of the ‘total-pressure measurements was

el percent of the full-scale value, which would give & corres-
ponding Mach number errcr of 30.05 at M = 1.0 and ¥0.015 at M = 1.2.
The data obtalned, however, indicate that the accuracy of the total-
bressure measurement was somewhat better than sstimated.

The results of thls test are presented in figures 4 to T as
curves showlng the variations of the paramgter D/Fp and the drag
coefficients for the complete configuration and ite individual
components. The drag forces were measured throughout the fall
to within +7 pounds for the complete configuration, 13% pounds

for the wing, and il%-pounds for the tail. Since the static

pressure increased during the drop, however, the accurasoy with which
the perameter D/Fp was determined also increased throughout the

fall (or with increase in Mach number). At a gilven Mach number Cp

and D/Fp have the same accuracy when these accuracy values are
expressed as 8 fractlon of the existing magnitude of Cp and IVFp

at thet Mach number, except that the drag coefficlents have a small
additional uncertainty due to the possible error in Mach number (+0.01).
The estimated accuracy for thess dreg parameters for several Mach
numbers ie presented in the following table'
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Mach 0.8 1.0 1.2
number

reg AD/FP [ oy | o D/ |opy | op |D/FR [opp | Op

parameter

Total 0.01110.028}~-wr~= 0.007}{0.017 |-=+~=~ 0.003{0.007|~=~==~
Wing 012} .0290.0018] .009} .016]0.0010] .004]! .008{0.0005
Tail 0321 .0731 .o0kk4| .023{ .o44} .0026] .010] .019} ;0011
Body 034 .078}-nnee~ 024t 037 fernmmm .010] 013f~=-=n=

L

The variastions of D/Fp and drag coefficient based on total
frontal area for the complete configuretion ere given in figure k.
The drag per unit frontal area rose from 0.06 of atmospheric pressure
at a Mach number of 0.89 to 0.167 of atmospheric pressure &t a
Mach number of 1.02 and then incresaged at a slower rate at 0,233
at M = 1.19. . When these data are transformed to drag coefficlents
the curve shows the usual abrupt rise starting at a Mach number
of 0.89 which resulted in the drag cosfficient increasing slightly
more than two times at M = 1.02. The drag coefficient increased
slightly over the remainder of the Mach number renge. The cross
hatching on figure 4 shows how the total drag of the configuration
wag divided among the components. At Mach mmbers in excess of 1.0
the body and wing shared about equal portions of the total drag
or about 42 percent each. The remaining drag (about 16 percentj
was that-due to the tail.

The veriations with Mach number of D/Fp and. drag coefficients

for the 45° swept-back wing as tested on thig configuration are
presented in figure 5. The drag per unit frontal area rose abruptly
from 0.061 of atmospheric pressure at a Mach number of 0.95

to 0.147 atmospheric pressure at M = 1.0 and then increased more
slowly to 0.257 at M = 1.19. The wing drag coefficients showed

& small increasse with Mach number in the reglom between M = 0.9
end M = 0.95 and then increased abruptly to & value at M = 1.0
slightly less than three times the value at M = 0.9. TFurther
increase in Mach number resulted in & emall increase in the wing
drag coefficient to a value slightly greater than three times the
low-gpesd valus at the highest investigated velocity. The abrupt
rise in drag for thie swept-back wing, which occurved near the speed
of gound, will be discussed later in this raper when the present
results are compared with the results of previous tests of h5° swept-
back airfoils by the same method.

Figure 6 shows the variations with Mach number of D/ and
drag coefficients for the teil fins. The drag per unit frontal area
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increased abruptly from 0.07h of atmospheric pressure at a Mach
number of 0.9 to 0.385 atmospheric pressure at M = 0.97 and then
increased almost linearly to 0.519 of atmospheric pressure at

M = 1.19. The ebrupt rise in drag coefficients for the tail fins
peaked at M = 0.97 and then showed & slight decrsase with further
increase in Mach number. Similar date are presented in figure 6
for an identical tail arrangement which was mounted on the body

of fineness ratio 6 without wings (reference 1). Generally the
data of reference 1 and the present date are in good agreement,
particularly asto the Mach number rangs over which the abrupt

rige in drag took place and as to the magnitudes of drag in the
highest portion of the investigated speed range. The discrepancies
in the variations of the drag near M = 1.0 cannot repult sentirely
from inaccuracies of measgurement but are evidently caused to soms
extent by the differences in the flow field about the tall resulting
from differences in the gesometry of the two test conflguratlons.

It may be expected that the difference in the two tail drags would
follow mainly from differences In the veloclty and size of the

weke behind the body, especially if the local static pressure in
the vicinity of the tail fins has returned to the free-stream
velus.

The variations of the body drag parameters with Mach number
as measured on this configuration, whilch are presented in FPigure 7,
show an abrupt rise in drag beginning at a Mach number of 0.975.
The drag per unit of frontal ares increased to a value of 0.145 of
- atmospheric pressure at M = 1.02 and then incressed more slowly to
a valus of 0.175 at M = 1.19. The drag coefficient based on body
frontel aree peaked at M = 1.02 and showsd & slight decrease
throughout the remainder of the investigated speed rengs. The
cause of the irregular variation of drag with Mach number at
Mech numbers in excess of 1 has not been definitely determined
- but possibly results from interference effects between wing and
body. This condition is expected to he clarified in subsequent
"tests. An abrupt decrease in bhody drag is indicated between
M=0,95 and M = 0.975 where the abrupt drag rise occurred on
the swept-back wing. It will be necessary to investigate this
drag decrease further, however, since the percent error in the
magnitude of the body drag parameters at Mach numbsre less than
unity masy be rather lerge. Comparables date for the body whose
test was reported in reference 2 are also presented in figure 7.
This body was identical with the body of the present test and had
the same tail fin arrangsment; however, the body of reference 2 was
tested without wings. Since data on the taill dreg were not obtained
for the tests of reference 2, the tall drags determined from the
present tests were used to obtain the drag of the body previously
tested.. DBecause the drag rige on the tall occurs before the drag
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rige on the body, the values of tall drag are of the same order as
the body drag at Mach numbers. slightly below the body drag rise.

At these Mach numbers somewhat different tail drag variatlons dus
to differences in the flow field about the tall for the two tests
could therefore have an appreclable effect on the body drag data

as computed by subtracting the tail drag from the drag of the body~
tall cormbinetion. For this reason, body drage computed from the date
of reference 2 by this method are not presented in the range where
the hody drags are of the seme order as the tall dregs. Comparison
of the body drags presented in figure T indicates that mounting the
swept-back wing on the hody haed a detrimental effect on the body
drag, for with this addition, the drag rise of the body took place
at a slightly lower ‘Mach number and higher drags appear to exist
at Mach numbers above the drag rise (about 15 percent higher at
M=1.05 to 8 percent at M = 1.15).

Results of testas by the free-fall method of the present wing
and & group of rectanguler and 45° swept-back airfoils of constant
chord which were mounted on cylindrical test bodles are swmarized
in figure 8. All of the alrfoils for which data are presented had
NACA 65-009 sections of constant chord perpendicular to the leeding
edge. The sbrupt d:r-ag rise which occurred nsar the speed of sound
i‘or the present 45° swept-back wing did not occur for the other
1,50 swept-back alrfoils previously tested. Prior to the dreg rise,
howsver, the drag obtained for the present wing was in good agree-
ment with that obtained from the other tests. As a result of this
drag rise the drag of the present wing was roughly dcuble the value
estimated from the previous results at M = 1.0 end 1.2%5 the value
egtimated at M = 1.15. The drag at Mach numbers in excess of
wnity was, however, only about 40 percent of the drag of compareble
rectangular airfoils All airfoil drag data presented in figure 8
for the previous tests were obtained from measurements on airfolls
mounted near the rear of long cylindricel bodies, while the present
wing was mounted forward of the maximum dlemster of a body which
tapsred towerd the front and the rear. The existence of an abrupt
drag rise for the present swept-back wing which 4id net occur for
the comparsble swept-back wings previously tested indicates the
transonlc dreg of swept-back wings may be critically dependent
upon either the position of the wing on the body or the shapes of
the body at the wing-body Juncture. In addition, the airfolls
tosted on cylindrical bodles entered the bodises through open
rectangular slotes and the unknown effect of thesge slots on the
resultes obtained may alter the effect herein presented. Further
Investigation of the effect of such slots on the drag of swept-
back wings will therefore e necessary.

SCONFTIENITAL f
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=Ee Y GONCLUDING REMARKS

The drag of a wing-body configuration has been measured at
transonic velocities by the free-—fa.ll mothod. - This configuration
consisted of ‘& §5° swept-back wing mounted forward of the maximum
diameter of & body of fineness ratio 12 which had been tested
previously without wings.

The results show that the drag per unit frontal area of this
configuration rose ebruptly from 0.060 of atmospheric pressure at
& Mach number of 0.89 to 0.167 of atmospheric pressure at a Mach
number of 1.02 and then lncreased at & slower rate to 0.233 at
& Mach number of 1.19. At Mach numbers in excess of unity the
¥ing and body of. the- cpn.figurai:ion shared about equal portions of

"'t‘he ﬁo’tal dra.gk(about L2 percent.each): The rema.ining drag was

<57 goltributed by the stabilizing tail. surfaces.

v ... Near the speed of:sound .the drag’ of the tested. wing rose

a‘pguptly,to double the-velue estimated from previous tests of
_ swe;gt-back alrfoils which were mounted on éylindrical bodies.
: A.'E'ber “this abrupt rise the dreg approached the <aluss estimated
from the previous tests. This condition would indicate that in
the transonig. region. the. drag:of swépt-back w;;igg 18 critically

d.epend.ent tpon the positlon of the wing-on ths body endfor the shape

of‘ the, ‘body, particularly at the wing-vody .juncture. The body
dra.gs obtained Trop this tesh .were hL@er tha:u those measursd in
previous tests of an identical body without wings by about 15 per-
cent at a Mach number of 1.05 and 8 percent at 1.15. These results
show that unfavorable interference seffects exist for the tested
wing-body configuration; the drag of the swept-back wing was
considerably increased in the presence of the body and the drag
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of the body appeared to be somewhat increased in the presence of
the wing.

Langley Memorisl Aeronautical Laboratory
National Advisory Committee for Aeronautics.
Langley Field, Va.
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Pigure 2.- General arrangement and dimensions of wing-body con-

figuration.

perpendicular to leading edge.

All dimensions are in inches, Wing sections measured
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Fig. 3 NACA RM No. L6L28
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Figure 3,- Time history of free fall of wing-body configuration.
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NACA RM No. L6L28
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for the complete configuration.
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Fig. 5 NACA RM No. L6126
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Figure 5.- Variation Mith Mach number oF drag coefficients and D/ Fy
for the 45° swept-back wing of the tested configuration.
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Pigure 6,- Variation with Mach number of drag coefficients and D/Fp

for the tail fins of the tested configuration. Data for identical tail
fins mounted on a body of fineness ratio 6 taken from reference 1,
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Fig. 7 NACA RM No. L6L26
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Figure 7.~ Variation with Mach number of drag coefficient and D/Fp

for the body of the tested configuration,. Data for identical body
without wings taken from reference 2,



NACA RM No, L6L26 Fig. 8
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Figure 8.- Comparison _curvés showing variation with Mach number of
D/ Fp for the present wing and comparable rectangular and swept-

back airfoils mounted on cylindrical bodies. Airfoil data taken from
reference 3. '



